In the study of patients who have severe and prolonged, chronic, painful conditions, it is a clinical fact that some will react more profoundly than others to what are apparently similar conditions. It is also obvious clinically that pain is an extreme fear-and anxiety-provoking stimulus. Furthermore, the diagnosis of "functional pain," or of a "functional element" in pain, is one frequently attached to many of these patients. Because of the confusion generated by these clinical observations it was thought possible that a study of the responses of such patients to painful stimuli might aid in their diagnosis and perhaps add to the knowledge of the physiology of pain.
Such an investigation has been made possible by the recent studies on the physiology of pain which have resulted in a better definition of this very difficult subject. Wolff and his associates have demonstrated that a pain threshold can be quantitatively measured (1) ; that the perception of pain intensities is relatively fixed for a given person under given environmental conditions; and that thresholds for pain perception vary relatively little from person to person (2) . They have also described reaction to pain which is a more variable factor and is observable as a somatic response on the part of the patient. This reaction is related, in their opinion, to bodily and emotional phenomena such as fear, anxiety or apprehension which are widely variable in different people and from time to time in the same person (3) .
The present study is an attempt to compare the thresholds and pain reactions of normal subjects with those of patients who have been undergoing severe pain. In this study a third factor has also been examined, namely, the conditioning time to painful stimuli. This part of the project is based on the studies of Welch and Kubis (4) who demonstrated that the conditioning time of neurotic patients with severe anxiety was significantly shorter than that of normal controls.
METHOD
Pain threshold: An electrical stimulus was chosen for the measurement of pain threshold. This was standardized in the Laboratory by tests carried out on staff members prior to the present investigation. A Goodwin Stimulator -(model 3) was used which was so set as to deliver a single shock of uniform wave-form (20 sigma falling phase) and of varying voltage intensity. The stimulus strength was always increased in 10-volt units, a gradient which made single unit changes barely perceptible. The stimulus was delivered to the thin-skinned area of the volar surface of the upper left forearm. Contact was made through two small solder bars about 1 cm. long and 3 mm. wide which were fastened parallel and about 3 mm. apart onto a rubber base. The same pair of electrodes was used for all subjects in the present tests. Electrodes were held in place by a rubber strap around the arm such as is used for EKG electrodes. The skin beneath the electrodes had been previously rubbed vigorously with a small amount of electrode jelly.
Galvanic skin response: The reaction to pain was recorded by means of the galvanic skin response (GSR). This reaction is known to result from a sudden change in sweating and to be dependent on arousal or startle in the subject. It was recorded through electrodes attached to the right wrist and palm. One solder electrode, about 1% cm. in diameter, was pressed against the right palm and a second, about M cm. in diameter, against the volar surface of the right wrist. Each electrode was fastened to a rubber base which was round and about 4 cm. in diameter, held against the skin by a strap. Contact was made by rubbing the skin with electrode paste and then covering each electrode with the jelly. If the contact became dry during the procedure, artefacts appeared in the record and additional jelly was inserted between the electrode and the skin. A ground electrode was fastened to the right ear. The GSR was recorded on an eight-channel Grass Electroencephalograph according to the method described by Redlich (5) . The machine was run at "slow" speed, i.e., 13h cm./sec.
Conditioning response: Subjects were conditioned to either painful or auditory stimuli according to the procedure described by Welch and Kubis (4) . In order to be sure of comparable findings a duplicate of their film-sequence of nonsense syllables of low association value was obtained from Dr. Welch and his procedure was followed as precisely as possible.
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Subjects were asked to read out loud a series of nonsense syllables projected before them, one every six seconds. The unconditioned stimulus was given every other time that a certain syllable (KAX) appeared on the screen. The reaction was recorded as GSR. The painful stimulus used was arbitrarily set at 10 volts more than the threshold just previously determined for the individual. In the group in which sound instead of pain was used for the unconditioned stimulus, the exact procedure of Welch and Kubis was followed. A door-bell placed just behind the subject's chair was rung loudly at the appropriate instant (i.e., every other time that KAX appeared). Conditioning time was recorded as that number of times at which KAX had appeared when the first of three consecutive GSRs appeared at an unreinforced syllable. At least 30 trials were given for each subject.
The subjects: These were 57 normal adult controls and 24 adult patients from the Pain Clinic of the University of Oregon Medical School ( Anxiety factor: An attempt was made to appraise the factor of anxiety in the patients. Every effort was made to make the test situation as little alarming as possible. All subjects were asked if they would be willing to cooperate in a project which was designed to investigate the "reactions of people." It was explained that people differed in this respect and that, although the tests might be no direct help to the present pain of the patient, it might ultimately help in understanding his condition and those of others in like difficulties. Each subject was then assured that the procedure would take only about half an hour; that it would not "hurt" and no needles would be used; that no test given would "bother" the subject; and that our method was to use the amount of sweating to measure various reactions.
Both controls and patients were relaxed and co-operative at the time of the test. One subject (No. 79) expressed the idea after the tests that "waiting for those words" had made him feel as though he might be going to have an attack (coronary). Two (Nos. 39, 50) were slightly resentful at being put through the procedure, although they had agreed previously to co-operate. Without knowledge of the test results a "most anxious" and "least anxious" group were selected by three individuals who knew the patients well (the doctor in the Clinic, the doctor guiding the experimental procedure and the psychologist) and these ratings were later examined in relation to the tests. All but two of the patients-the two with chronic arthritis-had been described earlier as either having "purely functional" pain or at least a "strong functional element" by the doctors who had sent them to the Pain Clinic. There were eight of the 24 who were definitely of the over-reactive type, chronic habitues of all clinics, whose focus of attention in life was undoubtedly upon their somatic ills (Nos. 38, 39, 55, 96, 101, 109, 111, 112). However, all 24 patients had true focal pain of organic origin.
Test procedure The subject was seated in a comfortable chair facing the projection screen and turned away from the investigator and the recording apparatus. The movie projector was above and behind the chair. The directions given were almost identical for each individual throughout the procedure, the author and one other person being present at each test. Tests were always given in the same sequence.
Test One: The subject was told that this test was "just to try out the apparatus." He was then asked to think of "any number between one and 10 inclusive" and to think about that single number persistently without replying to the investigator's queries, the machine being turned on during the procedure. He was asked, "Is it three?," "Is it nine?," etc., etc. Each number was asked twice, the sequence being random but invariable since it was read from a card. The GSR record was then examined. In the event that a marked GSR swing had appeared for a single number the subject was told what his choice had been. This test served several purposes-to be sure that the system was working; to allow calibration of the GSR swing; and to reassure the subject who was usually amused or a little incredulous, according to his sophistication in such matters.
Test Two: Pain threshold. Starting well below threshold, graded stimuli were given from the Goodwin Stimulator. Each stimulus was given twice at about one second's interval and the subject became used to the click of the switch whether a stimulus was felt or not. No GSR recording was made at this time, but the subjective impression of the patient was written on the record. At a given point, as the threshold was increased, the subject felt a touch or tickle ("T" in Table I ). He was then told that the stimulus would be gradually increased "like this" and that at a given point he would feel a prick or pain instead of a touch, but that it would never be a pain which would "make you burst out crying." This threshold for would recheck the reactions which had been recorded pain ("P" in Table I ) was then noted on the record. previously, and that he was merely to sit still with eyes During this test the stimulus gradient was always in-closed for a few minutes while we ran over the previous creased 10 volts at a time without any variation in the test. The GSR was then recorded during a sequence of procedure. After the pain threshold had been reached two stimuli which started at 10 volts and increased 10 at a or three more stimuli were delivered just above, below time. Five stimuli, three seconds apart, were given at and at threshold to check its level. The subject was then each level, until a GSR response was obtained or until told that subsequent prick stimuli would never be more the strength of the stimulus was two units beyond that intense than those already experienced.
of the previous pain threshold. Since, with no exceptions, Test Three: For the conditioning test the pain stimulator a GSR had been obtained in the just-preceding test at a was set at 10 volts above the pain threshold just reported. stimulus level only one unit above threshold for pain, it "I want you to read out loud the syllables which I am go-was felt that two units above must be adequate for the ing to throw on the screen in front of you. Never mind present test. GSR threshold was considered to be that how you pronounce them. Some are rather hard to strength of stimulus which produced a GSR in three of pronounce, but just keep on and on reading them while pronounce, bu just keep on and on readingthemwhile the five trials, if that same change was also produced at I turn on the machine and make a record." For this ...
procedure the romace was parialy darkecd." AFof the the level one unit higher. This last condition was found procedure the room was partially darkened. All of theybeasiafwintcsndoroovou patients and about half of the controls were conditioned necessary because, in a few instances, and for no obvious to a pain stimulus. The remainder of the controls were reason, a subject might respond three times to a stimuconditioned using sound instead of pain for the uncon-lus at a given level but give no further response at several ditioned stimulus.
higher levels. When this happened it was thought that Test Four: At the end of the above, the subject was there had been fluctuations in the awareness of the subtold that there was just one more brief test in which we ject resulting in re-enforcement of the applied stimulus. served chiefly as an indicator of the effectiveness of the test circuit and of the type of reaction which the subject gave. On examining the records later, the ease of detection of the number was listed as either "very clear," "clear," "fair," or "missed." These reactions were sometimes used later in comparing the types of GSR shown by the subject to the pain stimulus and to the conditioning stimulus. It is of interest that there was less consistency in the responses of the patients than in those of the controls, since this variability appeared in some of the later tests of the patients also, but in spite of other attempts at correlation with type of clinical diagnosis or state of anxiety, nothing more objective emerged from this procedure. In Test Two the thresholds for touch and pain as detected subjectively were noted. As can be seen from Table I , threshold for the perception of touch varied between 10 and 50 volts. There were eight subjects on whom touch thresholds were not recorded as it was not recognized in these earlier tests that it might be significant. There (two males) of the 22 patients with touch thresholds above 20. Pain threshold varied between 30 and 90 volts in the controls and between 30 and 90 volts in the patients. Table II shows the means for the two groups and for the sexes. It will be seen that the thresholds for touch and pain are higher in the males than in the females in both patients and control group (Figure 1) . But when the 24 patients were matched for age and sex with 24 of the controls (Figure 2) , no difference between the two became apparent.
The results of Test Three, conditioning to pain and sound, are shown in Figure 3 tween controls and patients. When the controls, using the pain stimulus as originally planned, showed a much lower level for conditioning rate than had been previously reported as normal (4), it was thought that this might be due to the fact that a pain stimulus was more anxiety-inducing than a sound stimulus. A second control group was therefore selected, using sound as in the original procedure, instead of pain (4). There was no difference in conditioning time between the three groups, although a slight sex difference in all three appeared. Since the conditioning time varied only between two and 26, and since there were only seven of the 81 subjects who conditioned in more than 15 trials, differences would have had to be very large and clear-cut to be significant. These did not appear. Welch and Kubis divided their patients according to whether they conditioned below six trials or above 14, and found positive correlation between such groupings and the clinically rated amount of anxiety. When the 24 patients of our group were classified according to their clinical anxiety as described above, eight patients were thought by all observers to be "most anxious" and eight "least anxious." The average conditioning time of the "anxious" group was 6.9 and that of the less anxious 13.0. Both these means, however, are below the average for normal as designated by Welch and Kubis.
Three patients and two controls gave results which could not be interpreted. Of these, two patients and one control reacted so strongly to every syllable that no conditioning could be measured. The other two never developed a conditioned reaction although responses to unconditioned stimuli were present.
The thresholds for the GSR as recorded in Test Four showed no significant difference between the controls and patients although the responses of the patients were more widely scattered than were those of the controls. Although pain threshold for males was higher than for females, this difference was less great in the reaction to pain as indicated by the GSR threshold. As might be expected by the data of Furer and Hardy (3), the GSR was much more variable than was the pain threshold. Seven of the 24 patients, but none of the controls, had reactions which were so confused that no threshold could be determined. There was also slightly more variability or irregularity in pain GSR relationships of the patients than of the controls. In the controls the usual GSR threshold was either equal or slightly below the pain threshold, but this relationship was much more variable among the patients. Similarly, extraneous GSR responses appeared more often and were more marked in the patients' records.
DISCUSSION
The original purpose of this investigation was to discover whether there were any significant differences between the responses to painful stimuli of patients who had endured long and severe pain and controls who had not. Most of the findings are negative. There is not, as shown by these tests chosen to measure various qualities related to pain, any significant difference in threshold, reaction time or conditioning to pain, between patients and controls. The data are reasonably consistent and, therefore, assumed valid. They expose a number of interesting points in relation to our present knowledge of the physiology of pain.
Thresholds for touch and pain were detected consistently by the subjects and it was felt that the electrical stimulus used was the one of choice for this purpose both because the procedure was greatly shortened when compared to that necessary in using a heat stimulus and because the pain threshold so detected had been shown to be fairly consistent in previous tests repeated on the Laboratory staff.
In these tests the threshold for both touch and pain was higher in males than in females. There are several possible reasons for this, but no completely satisfactory explanation. It may be that, in the males, the skin of the forearm is thicker. The oldest and thickest-skinned males were compared, therefore, with the youngest, and probably most tender-skinned but no difference in threshold was apparent. Moreover, if the skin thickness were important, it should also have affected the pain threshold for heat radiation, but there is no such sex difference reported by those who have used the latter test. Another responsible factor might be the mores of the present time. Men are not supposed to cry out to pain as quickly and easily as are women. Whether this could influence our data is difficult to decide, and again, if these habits were responsible they might have affected the data of Wolff and his associates also. However, their tests were carried out largely on highly trained and sophisticated controls which might have influenced this special point. Furthermore, the fact that our GSR levels for the two sexes were more nearly alike than were touch or pain thresholds, might also indicate habit differences, for the GSR is less "voluntary" than is the subjective response to stimuli.
The GSR, like the pain threshold, produced nothing of interest which might differentiate patient from control except that, in general, reactions were more variable and less clearly defined in the patient group. Nothing could be found which related clinical features such as anxiety or a functional overlay, to any type of reaction. The heightened variability in the patients' test may be due to one of several factors. These patients, having only their pain in common were a more heterogeneous lot than were the controls, since the patients had greater range in age and since their educational and economic backgrounds were more varied. In a number of cases it was felt by the observers that the attention of the patients was less well focused than that of the control group. This was, in some instances, due to the fact that the patient was relatively uncomfortable because of his existent pain. In others, the greater drive and interest of the patient in the tests appeared to make his attention wander away from the particular focus-to the observer, the noise of the machine, etc. Anxiety, in this immediate sense, as set up in relation to the tests was thought to be a deterrent from efficient performance rather than a stimulus to it.
The fact that both control groups had mean levels for conditioning time which were about equal to that of the patients is not necessarily surprising, but the fact that the control groups showed levels which would place them, according to the categories of Welch and Kubis (4), in a group having high anxiety status is difficult to explain and, in itself, invalidates any conclusions which might be drawn from the low conditioning time of the patients. No explanation has been found for this difference between our controls and the normals previously reported. Since the author had previously worked with Dr. Welch, it is probable that the experimental set-up in the present investigation was as nearly like his as possible. As there was no difference between conditioning time of those responding to pain stimuli and to sound, the unconditioned stimulus could not be responsible. It was originally thought that the subjects selected were as nearly like those of Dr. Welch as possible, but it is conceivable that the tension and anxiety factor in a group of graduate students in nursing or medical schools is higher in test situations than that of the more sophisticated psychology classes of Hunter College. The processes underlying this difference are not easy to detect. The fact that the project had to do with pain may have had some influence. The personality and performance of the observer may also have been effective. All that is shown, apparently, by the test is that the patient and control groups are similar in their performances, and that there are other factors as well as those of anxiety, originally described as relevant, which have not yet been evaluated and which must play a part in the interpretation of the test.
In concluding, it should be noted that the data obtained from psychological tests on these same patients, which are to be published elsewhere, showed similar findings to the above in that the mental status and personality types of the patients showed no uniformity of trend which could be related either to functional or anxiety factors or to the behavioral reactions to pain. This group of 24 patients, in spite of the fact that most of them
